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報 告 番 号 氏 名 甲 乙 第     号 
（ 論 文 審 査 の 要 旨 ） 
論文題名：Striatonigral direct pathway activation is sufficient to induce repetitive behaviors 
     （黒質線条体直接路の活性化は常同行動を引き起こす）   
 Pharmacological intervention in the substantia nigra is known to induce repetitive behaviors in rodents, but a direct causal relationship between a specific neural circuit and repetitive behavior has not yet been established. A previous study showed that activation to the cortico-striatal projections increases repetitive behavior. However, the cortico-striatal projections targets several striatal sub-types of neurons, making unclear the cause of repetitive behaviors. Here Mr. Youcef Boucekioua used optogenetic activation of dopamine D1 receptor-expressing medium spiny neurons (MSNs) terminals in the substantia nigra (SNr) pars reticulata to assess its effect on repetitive behaviors.  
 Q&A: How did the author achieve D1-MSNs selective manipulation? The mice he used 
express a ChR2 variant in both D1 and D2 expressing MSNs. While D2-MSNs terminates in 
the external segment of the globus pallidus (GPe) nearby the striatum, D1-MSNs terminates 
directly in the SNr pars reticulata, which is far in the posterior part of the brain. He took 
advantage of this anatomical feature, and implanted an optic fiber over the SNr to activate 
D1-MSNs selectively. Indeed, the light going out from the optic fiber was too far from the 
striatum and GPe, and thus could not open ChR2 expressed by D2-MSNs. How can the author explain the long lasting and chronic effect of your manipulation? He can only  
speculate that long-term potentiation or long term depression occurred, but without directly 
observing what happens at the synaptic level, it was impossible to describe the mechanism 
involved. Have the author tried some pharmacological intervention to test your animal model of obsessive compulsive disorder (OCD)? No. Serotonin  Select ive R euptak e 
Inhibitor (SSRI) for example is used for OCD, as well as for depression. Therefore, a 
modulation of repetitive behaviors in his models after SSRI treatments would not be enough 
to validate that his optogenetic manipulation generated an OCD animal model . The mice continued to manifest repetitive behaviors even after the photostimulation. How to convince that the author established a causal relationship between D1-MSNs terminals over-activation and repetitive behaviors? He wanted to claim  a causal relat ionship  
between repetitive behavior and D1-MSNs terminals over-activity, since his mice showed an 
increase of repetitive behaviors during the optogenetic manipulation compared to 5 minutes 
preceeding the manipulation. The long-lasting increase of repetitive behavior can be 
included in this causal link as it might be a byproduct of the photostimulation, and he 
doesn’t have observational data to directly answer that question. Has the author manipulated D2-MSNs only? He had only  access in  one part icu lar  type of  t ransgenic 
mice that expresses ChR2 in both D1 and D2-MSNs. As D1-MSNs is known to terminates in 
the same regions than D2-MSNs, it was impossible to selectively activate D2-MSNs. As D1-
MSNs are known to be activated during movement initiation, it was anyway more promising 
to target specifically D1-MSNs to try generating repetitive behaviors. How can the author distinguish between repetitive behavior in OCD and Parkinson’s Disease patients? A t 
the level of repetitive behaviors, they are thought to originate from obsessive and intrusive 
thoughts or mental rituals in OCD, while they do not originate from cognitive dysfunction in 
PD patients. Unfortunately, it is impossible to ask mice if their repetitive behavior are the 
consequence of obsessive/intrusive thoughts or mental rituals. Other strategies should be 
used in mice, such as investigating deficits in extinguishing active avoidance specifically in 
OCD patients. Does the author have any idea about the reinforcing property of author’s optogenetic manipulation? He collected  prelim inary  data using a Condit ioned Place 
Preference test suggesting that D1-MSNs terminal in the SNr had appetitive properties. Can the author speculate about the pathgenesis of OCD and how it relates to the author’s study? OCD em erges in  a part icular  t im e window during adolescence. In  h is study , he 
used adult animals due to technical limitations (e.g. implanting an optic fiber into a small 
developing brain). His first wish was to over-activate D1-MSNs during adolescence and 
observe its effects in adulthood.  
 He showed that over-activation of D1-MSNs terminating in the SNr is sufficient to induce a direct increase of repetitive behavior, but also a sustained increase of repetitive behaviors just after the manipulation. He also found a chronic increase effect of repetitive behaviors even 1 week after 5 days of repeated optogenetic activation of D1-MSNs terminals in the SNr. This study is the first the establish a causal relationship between a specific brain circuit and repetitive behaviors. It is now necessary to investigate the neural mechanisms that are involved in his procedure, to understand the pathogenesis of this abnormal and non-functional repetitive behaviors. 
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